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INTRODUCTION
Although 5-nitro-2,4-dihydro-3H-1,2,4-triazol-3-one (NTO) has been known for a number of years, 1 only recently has it received attention as a potentially insensitive explosive. 2 As part of an ongoing program to study the thermal decomposition mechanisms of a number of energetic materials, NTO and labeled isomers were examined. Herein we describe the synthetic routes to 5-nitro-2,4-dideutro-3H-1,2,4-triazol-3-one (d2NTO) and 5-nitro-2,4-dihydro-3H-1,2,4-triazol- NO 3 , and the mixture was stirred 30 minutes. Solid TO (0.81 g, 9.6 mmol) was added to the slurry, a condenser was put in place, and the mixture was heated at 60 o C for 2 hours. Some orange fumes were observed in the condenser during that time.
The mixture was allowed to cool to ambient temperature slowly before a few pieces of ice were added. The white NTO precipitate was removed by filtration, washed with 5 X 7 mL cold water, and dried. Yield was 0.9 g (70% based on the labeled compound). (The filtrate was analyzed by 13 C NMR and found to contain no NTO.)
The NMR chemical shifts of the NTO are given in Table I . The mass spectral fragmentation pattern is shown in Table II. 2,4-Dihydro-3H-1,2,4-triazol-3-one-4- Table I . hours, during which time copious brown fumes evolved and a white precipitate formed. After the mixture had cooled to ambient temperature, the crystals were collected by filtration, washed with cold water (3 x 1.5 mL) and dried to yield 1.35 g (86%) of NTO (N4). The NMR chemical shifts of the product are given in Table I , and the major mass spectral fragments are listed in Table II . Heating was discontinued, and the mixture was allowed to stir at ambient temperature overnight. Workup of this reaction mixture and conversion of the semicarbazide to TO(N1,2) followed the same procedure described for TO(N4).
However, the TO(N1,2) was contaminated with sodium sulfate in addition to urea in this instance and could not be obtained in pure form (NMR , Table I ). Thus, 0.16 g of the dried mixture was dissolved in fuming nitric acid (90%) (10 mL), and the solution was heated at 75 o C for 5 minutes. The resulting solution was evaporated to dryness on a rotary evaporator, and the residue was taken up in ice water (10 mL).
The undissolved solid was collected by filtration, washed with ice water, and dried to yield 0.18 g (75%) of NTO (N1,2). The NMR chemical shifts and mass spectral data are given in Tables I and II, Separation of the semicarbazide and urea was unnecessary at this point and was more readily effected after formation of TO.
Cyclization of the semicarbazide with formic acid required the presence of a strong acid. Accordingly, hydrochloric acid was used to convert the semicarbazide to the hydrochloride prior to treatment with formic acid. When the TO, thus formed, contained excess urea, the TO was recrystallized from water to separate it from the more soluble urea. However, when hydrazine sulfate and sodium hydroxide were used to generate hydrazine in the initial step, the sodium sulfate by-product was found to precipitate out with the TO.
Nitration of the TO was accomplished by use of nitric acid or by generation of nitric acid from potassium nitrate and sulfuric acid. Observation of this step suggested that substitution of the nitro group into the TO ring was not effected unless large amounts of nitrogen dioxide were evolved in the reaction. This observation indicates substitution of the nitro group into TO is a nitrosation/oxidation rather than actual nitration reaction.
NMR Spectra The compound NTO(N4) was first synthesized in order to assign the positions of the two NTO protons. Mass Spectra Previous studies 4, 5 have attempted to assign the mass spectral fragmentation pattern of NTO; but our study using (Table II) . 
